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¢ Qué es la Genética forense?

La Medicina Forense, una disciplina de la Medicina que auxilia y
da soporte a los Tribunales de Justicia en su labor diaria

— Toxicologia Forense
— Patologia Forense

— Tanatologia Forense

— Psiquiatria Forense \

} Médico Forense

— CRIMINALISTICA J
Desde 1985
GENETICA FORENSE
BIOLOGIA FORENSE AN




sCiencia o ficcion?
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LO MENOS CREIBLE, LA RAPIDEZ DE LAS PRUEBAS DE ADN

e i Los forenses de EEUU
estan hartos de ‘C.S.1.

Los norteamericanos se creen al pie de la letra lo que sucede
en la serie y piensan que los casos se resuelven en una hora

Interés creciente por la ciencia aplicada e BT A

v' Esta generando ante Tribunales de Justicia, Jurados populares y
la propia sociedad, falsas expectativas sobre la utilidad de la
prueba y su eficiencia.



¢ Qué resuelve la Genética forense?

3. Resoluciéon de
problemas de

1. _|”;’_e§t'9i9'cl’f‘ de 2. Investigacion identificacion. 4 Eyculoar a presos
NAICIDS DIDIOFICOS biologica de la (grandes equivocadamente
en criminalistica paternidad y otros  catastrofes, 9 bad
(agres||ones parentescos cadaveres NCUIpACes.
sexuales, .

desaparecidos,

homicidios, robos,

autenticidad de
secuestros...)

personas).



¢ Qué resuelve la Genética forense?
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THE CASES THE CAUSES OUR WORK NEWS & EVENTS GET INVOLVED ABOUT US “

Fogle
Released
After 34
Years

See a slideshow of
photos of Lewis's
release!

Andre Hatchett walks free after serving 25 years

Lewis Fogle

More Headlines |
Alaska Dispatch News: Anti-Native American Bias Was
Key to 'Fairbanks Four’ Case

What you need to know about the wrongful conviction of
women in the U.S

After 20 Years in Prison, Bronx Man's Murder Conviction
Finally Vacated

Tennessee bill requiring preservation of evidence in capital
cases advances

Proposal Would Require Prosecutors to Share Info with
Defense

View All Headlines

http://www.innocenceproject.org 30/03/2016
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Number of DNA Average Number of Number of Real
Exonerations Years Served Perpetrators Found




. Qué resuelve la Genética forense?

5. Resolucion de casos
historicos.

6. Identificacion de
especies (citocromo b)

7. Microbiologia forense
(antrax,



El patrimonio genético: caracteristicas

Universal: Todas las Individual: Cada Herencia a partir de
células del mismo persona tiene un los progenitores
individuo tienen un ADN “exclusivo

mismo ADN.




El patrimonio genético: caracteristicas
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Herencia: Distintos
“tipos” de herencia.

Variedad: Distintos
“tipos” de ADN por
célula

ADN muy empaquetado
(cromosomas). Aprox 2m
(3.000 M pb).



El patrimonio genético

NUCLEO
Autosomas (2 copias/cel)

E CITOPLASMA
6

mtDNA
16,569 bp

7 8 9 10 11 _12

LT LE

13 14 15 16 17 18 19 20 21 22 \|X Y
ADN nuclear Cromosoma
3.2 billones pb sexuale

J100s/cel




Tipos de herencia

ADN autésomico ADNmMt Cromosoma Y

vivEwE LIl snl 4
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Herencia Herencia
Herencia compartida exclusivamente exclusivamente
materna paterna
v Alta discriminacion v' Baja discriminacién v Baja discriminacién

v Individualiza v No Individualiza v No Individualiza
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Regiones hipervariables repetitivas (1986)
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Hypervariable ‘minisatellite’ regions
in human DNA

Alec J. Jeffreys’, Victoria Wilson” & Swee Lay Thein'

* D of Genetics, Uni ity of Leicester,
1 MRC Molecular Haemalology Unit, Nuffield I of Clinical N

Road, Leicester LEI 7RH, UK

dicine, John Radcliffe Hospital, Headi Oxford OX3 9DU, UK

The human genome contains many dispersed tandem-repetitive ‘minisatellite’ regions detected via a shared 10-15-base
pair ‘core’ sequence similar to the generalized recombination signal (x) of Escherichia coli. Many minisatellites are highly
polymorphic due 1o allelic variation in repeat copy number in the minisatellite. A probe based on a tandem-repeat of the
core sequence can detect many highly variable loci simultaneously and can provide an individual-specific DNA *f '

of general use in human genetic analysis.

gerp

DNA POLYMORPHISMS have revolutionized human genetic
analysis and have found general usc in antenatal diagnosis',
mapping of human linkage groups 22 indirect localization of
genetic dlseasc locn by linkage*** and analysis of the role of
mitotic di and bination in inherited cancer®

Single-copy human DNA probes are used normally to de(ect
restriction fi length pol i (RFLPs), most of
which result from small-scale changes in DNA, usually base
substitutions, which crcate or destroy specific restriction
endonuclease cleavage sites'”"". As the mean heterozygosity of
human DNA is low (~0.001 per base pair)'®"?, few if any
restriction endonucleases will detect a RFLP at a given locus,
although the probability of detection is improved for enzymes
such as Mspl and TaqYl which contain the mutable CpG
doublet in their recognition sequence'’. Even when detected,
most RFLPs are only dimorphic (presence or absence ol‘ a

intron of the human myoglobin gene (ref. 20; Fig. 1). The 33-bp
repeat showed some similarity in sequence to three other hyper-
variable human minisatellites characterized previously and on
the basis that the myoglobin minisatellite was flanked by a 9-bp
direct repeat charactensuc of the target site duplications gener-
ated by bl we d that this minisatel
lite and some other hypervariable regions were related via trans-
position. We show here that the myoglobin 33-bp repeat is
indeed capable of detecting other human minisatellites, some
of which are highly polymorphic. These regions, however, are
not related by transposition, but instead share a common short
‘core’ sequence in each repeat unit, which in turn provides a
powerful probe for hypervariable regions.

Probe for variable human DNA

A pure repeat probe was prepared from the human myoglobin

T 1 ge site) with a h AT
determined by allele frequencies, which can never exceed 50%
and which is usually much less. As a result, all such RFLPs will
be uninformative in pedigree analysis whenever critical
individuals are homozygous.

Genetic analysis in man could be simplified considerably by
the availability of probes for hypervariable regions of human
DNA showing multiallelic variation and correspondingly high
heterozygosities. The first such region was isolated by chance
by Wyman and White'* from a library of random segments of
human DNA. The structural basis for multiallelic variation at
this locus is not yet known. Subsequently, and again by chance,
several other highly variable regions have been discovered near
the human insulin gene'®, a-related globin genes'®'® and the
c-Ha-ras-1 oncogene'®. In each case, the variable region consists
of tandem repeats of a short sequence (or ‘minisatellite’) and
polymorphism results from allelic differences in the number of
repeats, arising prcsumably by mitotic or melouc unequal

llite by purification of a single 33-bp repeat element
followed by head-to-tail ligation and cloning of the resulting
polymer into pUC 13 (ref. 21; Fig. 1). Cleavage of one of the
resulting recombinants, pAV33.7, with BamHI plus EcoRI
released a 767-bp DNA insert comprised almost entirely of 23
repeats of the 33 bp sequcnce
Low v h ion of this repetitive insert to human
DNA digested wuh restricti d 1 EcoR1 d d
numerous cross-hybridizing DNA fragments, some of which
showed signs of polymorphic variation (data not shown). To
improve the detection of polymorphisms, the hybridization was
repeated with human DNA digested with HinfI or Haelll, both
of which cleave at a 4-bp sequence not present in the 33-bp
repeat sequence and which should release minisatellites in rela-
tively small DNA fragments whose size will reflect more closely
the number of repeats per mlmsatelhlc As shown in Fig. 2, the
probe d d le DNA fi in human
DNA as well as the parent DNA fragment from the human

or by DNA slippag dunng pli The g

Ilite length variation can be d d using any restric-

tion endonuclease which does not cleave the repeat unit and
provides for such loci a set of stably inherited genctic markers.
We have described previously a short minisatellite comprised

yoglobin gene. The larger DNA fragments (in the range 2-6
kilob (kb) and sub ially larger than the mean DNA
fragment size of ~0.3 kb in human DNA digested with Hinfl
or Haelll) in particular showed variation between the three
individuals examined; these variants were transmitted

of four tandem repeats of a 33-base pair (bp) in an

ly in a Mendelian fashion, in that each polymorphic

PP
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Regiones hipervariables repetitivas: VNTR (1986)

Enzimas de restriccion
Individual 1 Individual 2 Enzimas de restriccion

VNTR-A @ @ VNTR-A

Allele A5 Allele A3

Allele A2 Allele A4
> Minisatelites (5-100 pb)
VNTR-B VNTR-B
Allele B2 Allele B3
Allele BT %_ ﬁ_ Allele B2
12324567 8910112131415
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DNA fingerprint -

e

B3 amm >
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o A5 -
B2 B? c== :
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A3 e =

B1 -
o A2 -
Individual 1 Individual 2 —




El inicio “caso Pitchfork” (1986)

A v' Ambas victimas han sido agredidas
~ sexualmente
v Presentan signos de violencia
v' Se recuperan restos de semen del
cuerpo de las victimas

1983- Noviembre
Aparece muerta
Lynda Mann (15a)

1986- Julio
Aparece muerta
Dawn Ashworth(17a)
1986- Agosto
Richard Buckland(17a)
Arrestado
E e e Hm Reconoce el segundo delito




El inicio “caso Pitchfork”(1986)

Sexual Assault Case

Jknown

Sperm DNAZJ Evidence

"4
(AR AR RN 1 00 000 000 908 LADDER

K562 Control

0 100990 999 LADDER

SpermDNA1

Victim

§ § €& Suspectl

1986-agosto
Richard Buckland(17a)
Arrestado
Reconoce el segundo delito

1986-21 noviembre
Richard Buckland
Exonerado

11 100000 999 LADDER
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El inicio “caso Pitchfork” (1986)

1987- Tipaje masivo
4000 hombres (17-34a)
Enderby, Narborough, Littlethorpe
No coincidencias

1987-1an Kelly
Suplanta
la identidad
de una persona

1987-19 septiembre
arrestado

: N i s iy H H
e e [ Colin Pitchfork
a ¥ ClE RENSES




El inicio “caso Pitchfork”

Sexual Assault Case

own

Kn

SpermDNA1
Sperm DNAZ] Evidence

"4
AR AR N RNNN N 1 00 000 000 998 LADDER

K562 Control

10 100 000 099 LADDER

Suspect 1
Suspect 2

Victim

1988- Colin Pitchfork es
condenado a 30 anos de
prision

11 100000 999 LADDER

'
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Primeros problemas: primeras soluciones (1988)

K Mullis

Cantidad de ADN

Calidad de ADN

->Humedad
- Proliferacion bacteriana
- Nucleasas

1987- PCR
- Cantidades minimas
de ADN (100 pg)
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PCR: HLA DQA1 polimorfismos de secuencia (1988)

Polimorfismo de posicion HLA

: 10 p 30
GAA GAC ATT OT0 OCT GAC CAC OTT OCC TCT TOT OO0T OTA AAC TTU TAC CAD TTT TAC OOT CCC 7CT COC CAC TAC AOC CAT GAA TTT GAT OOA GAT OAC OGMC

C

AC L I I | c

H AC ¢ T sen wnn wnn sl mam wne =G c
Can sue cen wne sss sne sss AL cos wes ses wes e sss o wo SEE dee Gee el aee aas e cve wes san wes s wol wes wew
,,,,,, s S ey e aaten’ e e - avecie s s e e b, i | ) i el e s g e e T e i eme et S, s, et S
mem mem mmm mmm mme mmm mme =l e mme =)= me= mme meme mes mee mem 2lm mem eme mms mee mee mme mmm mme mee mee wee mee =ehimaeleos Oo.
A . ssm mwe Cow
cee wes cce ses cne cce sse sofl e ces afe cce wee cee scs cce scs o(s con cte cen cos cen ces ces cee ses ase ces see oo SREEEREEIETEN.
cor seor wew see cne swe sl ces s wes sdAv wee see wee sse vae sce <O~ = ccc ccn cnm wen wew wee welt ewe o

DOAI*O10] TIC TAC OTC GAC CTC GAS A00 AAVG GAD ACT OCC TO0 ©OC TOG CCT GAC TTC AOCC AMA TTT OCA GOT TTT GAC COC CAGC COT CCA CTO AGA AAC ATO OCT 01U
DOALI*QL02 - sew mae e e e

DOAL*0L03 As ces wesiees
DOAI*0104 o maw, Wm  waw st emww,

DOAI*0201 T AA T cT CA~ -G~ C~~ A~~ . - A IT c c

. s 03011 T T fors ¢ G A== A=A = . el TT= = ¢ ¢

DQAT*0302 T A~ -T cT c G Rob R — “A TT- c C

DOAI*04C] e ees com ese ecee = w== «fe =e- T-T -T- -7 C-- --A C A ATT c C
DOAI*O501]1 mem mee meeime- = G r ™7 -7 ™ AC A ATT c ( C
DOAZ*05012 Sas see e wee « G cns ofa sss TP =T AT Con =ep ¢ A AT ¢ - ¢
Exampies'-.;-»wc.-.t: e mme mew mmm mee wfje e wme cme wme wTe cne TeT “Te wee T e wep Com cce A== cwm mmw wmm wwl TTe cce cee e cne wol wme -- 2
sow wew wew wee sew == wee son cne csee =Te coe T-T - me= =TT Cor =wel Cow weww A== e mww www ~=A - - - wew wol wow ===

Probe ¢ AT #0601

CCA A CAC AAC TIC AAC NIT ATC ATT AAA CCC TAC AAC TCT ACC OCT CCT ACT AAT CAC CTT COCT CAC CIC ACA CTC TIT TOC AAC TCT OOC CTC ACA C1C

DOAI*010
DOAL*0L0
DOAL*O
__DOAI*010
DOAI*020
DOAL*030
L DQAL*030
DOAI*040

C &

.
~— - ~ -

NN S e e
- 5O 9o o
~

DOAL*05011 C T oT

DOAL*050 (o 5 T GF Con sne sen mes ols wes wsa

DOAT*050 oT- T R G i e e i - ovien = = = ---
g h Y ey

o ‘Limitado poderde  human chromosome 6
discriminacion
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PCR: STRs (1992)

Microsatelites 2-5 pb) -STRs-

Primer 7 repeats
— [ 2 [ T 5 o
__
8 repeats Frimer
) [1]2]3]4aJ5]6]7]18]
<
9 repeats
o) | e S I - . 5 T O - B
<
10 repeats
=) 5 2 3 5 3 (A eSS [
<
11 repeats
em) [1]2 [ 3][4]5]6]7[8[0]10]11]
N g <
N

Target region
(short tandem repeat)

* 2-nucletotide repeat unit : (CA)(CA)(CA)=*""-
* 3 -nucletotide repeat unit: (GCC)(GCC)(GCC) ==~--

= 4 -nucletotiderepeat unit: (AATG;iAATG)iAATGs s |

* 5 -nucletotide repeat unit: (AGAAA)(AGAAA) ==+

GOBIERNO MINISTERIO

DE JUSTICIA

[ g
Tl mw.«,

100 200 300
1 1 1
7 8 12 13

Tamano repeat: 4 pb
Tamano Total: 100-400 pb

v' Mejora ante la degradacion
v Alto polimorfismo



PCR: STRs (1992->2014)

MELM#H 1L 23 L45LE6

15

CSF1PO :
e

w=C-Wwlz# 2014

]

il

- Estandarizacion mundial
de STRs

sanplewell |- 'Il_'eC:“Ca engorrosa - Resolucion mediante EC
Stacking gel = Penbal d \/ RapldeZ (20 mln)

- Froblemas de v" Precision(1pb)

raingee €StaNdarizacion v Resolucion

1992




Multiplex PCR

PCR: multiplex PCR

Mediante la PCR se pueden amplificar simultaneamente varios fragmentos seleccionados

del genoma.

Cromosomas homologos

F:—Ill

JETe

—1
|
[ |
—m 2 2 3
| ‘ |
|_| T I T T T I T T T I T T T l T T T I T T T I T T T I T T T ] T T T I T T T I T T T I T T T I T
100 120 140 160 180 200 220 240 260 280 300 320
k] [ THO | [ 1Pox | [ csripo ]
L 2000
A 1000
: ] LA
2] 2] [10]
2677 &84 1482 1008
E 93 12
E E

BEEA 90-130pb
SR 150-200pb

JESEEEE 210-290pb

v I l

Permite amplificar simultaneamente
hasta 20-25 marcadores STRs en la
misma reaccion



D1051248
D1S51656
D125391
D251338

 BL = A D

-
-
-
-
-
-
—
-
-
-
-
-
-
-
-
-
-
-
-
-
-
=
-

PCR: multiplex PCR

60 80

Ll L) 1 1 1 1 1 Ll Ll L] L] 1 L] L) Ll L] L] 1 ) 1

100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460

- 22 STRs

- 4700 EUR /200 reacciones
- Poder de discriminacién: 1 en 3 x 1026
- 100 pg (6-7 pg/cel-> 15 cels)

o [ 4474609
%ms (3 0000000
GlobalFiler™ PCR
Amplification Kit

P v

& £1p:00 ven vy { e
pe— o

Sty 100 reacane. o -

banet o rcn

——— L e
o o 3 o .

] L T )




PCR: electroforesis capilar

LASER
1 —
= |
 I—
— : =
Fluorescencia a diferentes SEPARACION
| i
SEPARACION DE longitudes de onda DE COLORES
LA MUESTRA [E—
 I—
BN 1 s O
| Soporte (gel o capilar)
PANEL CCD
ET' . ‘[)’35"1‘35‘; THO1 D21S11 D18S51 P«N:x; .
Lo M | "
INYECCION DE LA MUESTRA T =
?v D5S818 D13S317 D75820 D16S539 CSF1PO Penta D
Mezcla de fragmentos cada po
color indica la presencia de , E "
un determinado primer ATV VWA D8sS1179  TPOX FGA
‘ | .w‘ | I ‘il'.
0. - V‘.‘CO S 200 300 400 500
: 6080 | 120140160180 ‘ 225 250 275 i 325 350 375 5 450 :

120-154pb

180-198pb
224-276pb

STR D 110-144pb
STR E 230-278pb
STR F 341-396pb

Marcado
con

Marcado
con

210-290pb
330-398pb
441-496pb

Marcado
con



Perfil genético STRs:
Cddigo alfa-numérico “anénimo” con muy alto poder de discriminacion
individual.

N B TR I R R R R R I SR B S N NN B R BRI SRR SR SR RN SR
80 100 120 140 160 180 200 220 240 260 280 300 320
S990-2849-2 (+) 25 Blue $990-2849-2 (+)

$ | Lo

S990-2849-2 (+) 25 Green S990-2849-2 (+)

$990-2849-2 (+) 25 Yellow $S990-2849-2 (+)

| )
E [2 Eé

$990-2849-2 (+) 25 Red  S990-2849-2 (+)
1000
500

Registro laboratorio

D851179 13
D21s11 30
D75820 10-11
CSFIPO  10-12
D351358 14-15
THO1 8-9.3
D13s317 11
D16S539 11-12
D251338 19-23
D19s433 14-15

VWA 17-18
TPOX 8
D18S51 15-19
AMEL X
D55818 11

FGA 23-24

Registro dictamenes




Perfil genético
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Perfil genético STRs:

v'Alto poder discriminativo: > 1 en 2 x 1020
v'Escasa cantidad de ADN: 5-80 pg (15-20 células)
v'No revelador de caracteristicas fenotipicas del individuo.

C B T T I S R T S I I S N SRR SRR R BRI SRR SR
80 100 120 140 160 180 200 220 240 260 280 300 320
$990-2849-2 (+) 25 Blue S990-2849-2 (+)

1000
“ LI 200
.
[16]
S990-2849-2 (+) 25 Green S990-2849-2 (+)
1500
1000
| I} L g
S990-2849-2 (+) 25 Yellow S990-2849-2 (+)
600
400
h 200
S990-2849-2 (+) 25 Red S990-2849-2 (+)

N U S O T

Perfil genético STRs:

v'Por si solo no tiene
trascendencia

v'Es idéntico en todas las células
de un individuo

v'Es distinto de unos individuos a
otros (salvo gemelos
univetelinos).

v'Recuperado de distintos
soportes



La otra cara de la genética forense “phanton-Heilbron”

En 2007 la oficial de
policia Michele
Kiesewetter es
asesinada en
Heilbronn (Alemania).

Restos hallados en el
asiento trasero del
coche revelan la
existencia de ADN
procedente de mujer.



La otra cara de la genética forense “phanton-Heilbron”

Fundorte von DANN-Spuren

im Fall der mutmagBlichen Polizeim@rderin von Heilbronn

) Gerolstein .
w’ <,§ Dietzenbach _ _

T oy

Mainz- &

Idar- Fel

Riol " Obersteln Budenheim v
s 9 Q9 Heppe Y m
D D Tholey ms' é 2005,

y pein- eve

2 O) Rive N tadt § 9 200 e
{ fals ) Wei D2
caria n 9 29
. st

CcCOeCC cC €5
M C Sy Az EEEREEK
FESsg? :

El perfil genético coincidia con
otros perfiles procedentes de
actos delictivos muy variados
(robos, crimenes, estorsiones,

¢ Transexual?

2009, Francia,
cadaver por
identificar de
varon

Se le atribuian mas de 40
delitos cometidos en

sagresiones sexuales?) Alemania, Austria,
cometidos desde 1993 . Francia.



La otra cara de la genética forense “phanton-Heilbron”

SPIEGEL ONLINE INTERNATIONAL

Front Page World Europe Germany Business Zeitgeist Newsletter

English Site > Germany > Q-Tip-Off: Police Fear 'Serial Killer' Was Just DNA Contamination

Q-Tip-Off: Police Fear 'Serial Killer' Was Just DNA Contamination

A notorious German serial killer known as "the Phantom of Heilbronn" might not exist. Police believe DNA
evidence which pointed to a 15-year trail of crimes across Germany was a case of contaminated cotton
swabs.

Una empleada de la empresa suministradora
de material a los laboratorios forenses
(Greiner Bio-One International AG) A TS
contamind las muestras. RS SRRRY QS
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Legislacion: calidad de la pericia en genética forense
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Interés de las bases de Datos de ADN de uso Forense

v Resolver hechos delictivos
y acciones humanitarios

v Prevenir acciones criminales

v Exhonerar y resolucion de “cold
cases’

v" Ahorro econémico y de tiempo
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Interés de las bases de Datos de ADN de uso Forense

v De Interés Criminal
Indicios biolégicos y Sospechosos/condenados

v’ De |dentificacién de Desaparecidos y Cadaveres
Grandes Catéastrofes /Fosas Comunes /Inmigracion

v Adopciones Irregulares y Sustraccion de Recién
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Funcionamiento de la Bases de Datos de ADN (Criminal)
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Coincidencias:
Personas-indicios

Coincidencias:
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Contaminaciones
accidentales



Datos de ADN de uso Forense: Situacion actual mundial
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Mas de 60 millones de muestras, en bases de datos de 50 paises (junio 2015)

Australia Chile Hong Kong Netherlands Portugal Switzerland

Austria China Hungary New Zealand Qatar Taiwan

Bahrain Croatia Iceland Macedonia Russia United Arab Emirates
Barbados Cyprus Israel Malaysia Slovenia United Kingdom
Belarus Denmark Japan Mauritius Slovakia United States
Belgium Estonia Jordan Norway Singapore Uruguay

Brazil Finland Kuwait Oman South Korea

Canada France Latvia Panama Spain

Czech Republic Germany Lithuania Poland Sweden



Datos de ADN de uso Forense: Situacion actual mundial

v’ Legislacion
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Estima: 100-150 millones de muestras de 80 paises (2015-2025)

India Philippines Italy Algeria Sri Lanka
Indonesia Vietnam South Africa Uganda Kazakhstan
Pakistan Iran Colombia Morocco Ecuador
Nigeria Egypt Kenya Saudi Arabia Greece
Bangladesh Turkey Argentina Peru Ireland

Mexico Thailand Ukraine Venezuela Botswana



;.Ciencia ficcion o realidad?

OPEN 8 ACCESS Freely available online @PLOS ‘ GENETICS

Modeling 3D Facial Shape from DNA

Peter Claes’, Denise K. Liberton?, Katleen Daniels’, Kerri Matthes Rosana®, Ellen E. Quillen?,

Laurel N. Pearson?, Brian McEvoy>, Marc Bauchet?, Arslan A. Zaidi?, Wei Yao?, Hua Tang®,

Gregory S. Barsh®®, Devin M. Absher®, David A. Puts?, Jorge Rocha®’, Sandra Beleza®?,

Rinaldo W. Pereira®, Gareth Baynam'®""'2, Paul Suetens’, Dirk Vandermeulen’, Jennifer K. Wagner'?,
James S. Boster'?, Mark D. Shriver**




s Ciencia ficcion o realidad?
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v’ Limitaciones legales
v’ Privacidad de las personas

v' Legislacién nacional LITTERBUGS

The global pest is finally being faced

Littering is an ongoing problem around the world, and one that needs to be
faced, once and for all.

Taking this statement literally, Hong Kong Clean Up started using Snapshot™
DNA phenotyping to put a face to the litterbugs ruining the citv

° Watch the Film

Glus®  pcozINE Q) snapshot
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Gracias por su atencion



